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Abstract: Amoebic keratitis (AK) caused by Acanthamoeba is one of the most serious corneal infections. AK is frequently 
misdiagnosed initially as viral, bacterial, or fungal keratitis, thus ensuring treatment delays. Accordingly, the early detec- 
tion of Acanthamoeba would contribute significantly to disease management and selection of an appropriate anti-amoe- 
bic therapy. Recently, the loop-mediated isothermal amplification (LAMP) method has been applied to the clinical diagno- 
sis of a range of infectious diseases. Here, we describe a rapid and efficient LAMP-based method targeting Acanthamoe- 
ba 1 8S rDNA gene for the detection of Acanthamoeba using clinical ocular specimens in the diagnosis of AK. Acantham- 
oeba LAMP assays detected 1 1 different strains including all AK-associated species. The copy number detection limit for 
a positive signal was 1 0 DNA copies of 1 8S rDNA per reaction. No cross-reactivity with the DNA of fungi or other proto- 
zoa was observed. The sensitivity of LAMP assay was higher than those of Nelson primer PCR and JDP primer PCR. In 
the present study, LAMP assay based on directly heat-treated samples was found to be as efficient at detecting Acan- 
thamoeba as DNA extracted using a commercial kit, whereas PCR was only effective when commercial kit-extracted DNA 
was used. This study showed that the devised Acanthamoeba LAMP assay could be used to diagnose AK in a simple, 
sensitive, and specific manner. 
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INTRODUCTION 

Acanthamoeba sp. is free-living protozoan that is abundant 
in soil, air, fresh water, and ocean sediments, and is associated 
with different human diseases, such as cutaneous acantham- 
oebiasis, lethal granulomatous amoebic encephalitis (GAE), 
and amoebic keratitis (AK) [1], and AK is one of the most seri- 
ous corneal infections. The genus Acanthamoeba is classified 
into 17 different genotypes (T1-T17) based on rDNA sequenc- 
es [2,3], although the majority of AK cases are associated with 
the T4 genotype. At least 9 species of Acanthamoeba have been 
identified in ocular infections, that is, A. griffini (T3), A. trian- 
gularis, A. castellanii, A. polyphaga, A. rhysodes, A. quina, and A. 
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lugdunensis (T4), A. culbertsoni (T10); and A. hatchetti (Til) [4-7]. 

AK remains a difficult infection to diagnose and manage and 
is most commonly associated with contact lenses. Recently, 
the number of young contact lens wearers has increased for 
correction of myopia and cosmetic purposes [8,9], and althou- 
gh rare, AK after corneal laser refractive surgery has been re- 
ported [10,11]. AK is frequendy misdiagnosed initially as her- 
pes simplex vims or bacterial or fungal keratitis, ensuing treat- 
ment delays, and often allows progress to a state that may cause 
significant visual loss or perforating keratopathy requiring cor- 
neal transplant surgery [12,13]. Therefore, early diagnosis is re- 
quired to potentiate more favorable prognosis. A diagnosis of 
AK is usually established by the microscopic identification of 
Acanthamoeba from a direct smear of corneal scrapings or cul- 
tured specimens, but it is time-consuming and requires techni- 
cal expertise to discriminate Acanthamoeba cysts or trophozo- 
ites, and unfortunately, this frequently leads to delayed appro- 
priate treatment [13]. To improve the detection of Acanthamoe- 
ba, molecular diagnostic methods, such as PCR, are increas- 
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ingly used for its early detection in corneal specimens [14,15]. 
However, although these assays have been shown to be highly 
effective for diagnosing AK, they require relatively expensive 
laboratory equipments, and a trained specialist, which limit 
their usefulnesses in regions where non-contact lens-related 
AK is prevalent [16,17]. Therefore, we considered the need for 
a simple, rapid, and sensitive diagnostic assay for pathogenic 
Acanthamoeba. 

Loop-mediated isothermal amplification (LAMP) is a rela- 
tively simple, sensitive technique based on rapid DNA amplifi- 
cation [18]. The technique requires the target DNA to be spe- 
cifically amplified by Bst DNA polymerase, which performs 
strand displacement DNA-synthesis active under isothermal 
conditions, using a set of 6 oligonucleotides that recognize in- 
dependent regions of the target gene. The use of 6 oligonucle- 
otides improves the specificity and the speed of amplification 
and forms a loop-structured amplicon, which produces a typi- 
cal ladder-pattern of multiple bands [19]. Apositive reaction is 
easily determined by eye as turbidity [20] or by adding fluores- 
cent dyes [21,22]. LAMP assays have previously been applied 
to the detection of pathogens, such as viruses, bacteria, fungi, 
and parasites [19]. 

Recently, Lek-Uthai et al. [23] described a LAMP assay target- 
ing 18S rDNA to detect Acanthamoeba in contact lens cases. 
However, the test was not validated with any specified Acan- 
thamoeba species or clinical ocular samples of AK. Nonetheless, 
recent increases in the incidence of AK demand an improved 
diagnostic method. The present study was undertaken to de- 
velop a LAMP assay for the detection of Acanthamoeba in clini- 
cal ocular samples to enable the diagnosis of AK. The sensitivi- 
ty and specificity of the devised assay were determined using 
specified Acanthamoeba species and evaluated using clinical oc- 
ular samples. 



MATERIALS AND METHODS 

Samples 

The reference Acanthamoeba species used in this study for 
specificity and sensitivity experiments were purchased from 
the American Type Cell Collection (ATCC; Rockville, Mary- 
land, USA) (Table 1). Amoebae were cultured axenically in 
peptone-yeast-glucose (PYG) medium at 25°C, as previously 
described [24]. Clinical ocular samples (corneal scrapings and 
contact lens solutions) from suspected keratitis patients that 
registered at Kyungpook National University Hospital (Daegu, 
Korea) between March 2011 and March 2013 were assayed us- 
ing standard diagnostic procedures, such as direct examination 
and culture. Donor confidentiality was maintained as is re- 
quired by the Declaration of Helsinki and the study was ap- 
proved by the Kyungpook National University institutional re- 
view board (IRB)/ethics committee (KNUH 2011-04-008). 

Sensitivity and specificity of the Acanthamoeba LAMP 
assay 

The sensitivities of LAMP assays were assessed using standard 
plasmids containing 18S rDNA LAMP targeting fragments (1, 
10, 10 2 , 10 3 , and 10" copies) and serially diluted Acanthamoeba 
genomic DNA (1, 10, and 100 pg). The 18S rDNA gene was 
amplified by PCR from each Acanthamoeba species using prim- 
ers F3 and B3 (listed in Table 2). PCR products were purified 
using a Qiaquick gel extraction kit (Qiagen, Valencia, Califor- 
nia, USA). Thereafter, eluted PCR products were cloned into 
pGEM-T easy vector (Promega, Madison, Wisconsin, USA), 
and amplified DNA fragments were completely sequenced 
(Macrogen, Seoul, Korea). Concentrations of plasmid DNA 
were measured using a NanoDrop ND-1000 spectrophotome- 
ter (NanoDrop Technologies, Thermo Scientific Instruments, 

Table 1 . List of Acanthamoeba reference species used in the LAMP assay 



Species 


Genotype 


Strain 


ATCC No. 


Source 


Geographic source 


Acanthamoeba griffini 


T3 


S-7 


30731 


Beach-bottom 


United States 


Acanthamoeba triangularis 


T4 


SH621 


50254 


Human feces 


France 


Acanthamoeba rhysodes 


T4 


Singh 


30973 


Soil 


England 


Acanthamoeba castellanii 


T4 


Castellani 


30011 


Yeast culture 


England 


Acanthamoeba lugdunensis 


T4 


L3a 


50240 


Swimming pool 


France 


Acanthamoeba polypaga 


T4 


Page23 


30871 


Freshwater 


United States 


Acanthamoeba quina 


T4 


Vil3 


50241 


Swimming pool 


France 


Acanthamoeba astronyxis 


17 


Ray & Hayes 


30137 


Soil 


United States 


Acanthamoeba culbertsoni 


T10 


Lilly A-1 


30171 


Tissue culture 


United States 


Acanthamoeba hatchetti 


T11 


BH-2 


30730 


Ocean sediment 


United States 


Acanthamoeba healyi 


T12 


OC-3A 


30866 


GAE a 


United States 
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Table 2. The sequences of the LAMP primer sets used to amplify 
Acanthamoeba 1 8S rDNA genes for the LAMP assay 



Target gene Primer 


Sequence (5'->3') 


1 8S rDNA F3 


GGCGACGATTCATTCAMT 


B3 


CAAGACTCTTGTCGAGCGC 


FIP 


TCCCTCTCCGGAATCGAACCCTCGATGGTAG- 
GATAGAGGCC 


BIP 


TTCTAAGGAAGGCAGCAGGCGTATTGTCAC- 
TACCTCCCCGT 


LF 


TCCGTTACCCGTTACGACCA 


LB 


CGCAAATTACCCAATCCCGAC 



Wilmington, Delaware, USA) and corresponding copy num- 
bers were calculated. The standard plasmid was diluted with 
TE buffer (10 mM Tris-HCl, 1 mM EDTA) to final concentra- 
tions of 1, 10, 10 2 , 10 3 , or 10 4 copies of cloned 18S rDNA per 
microliter. On the other hand, the minimum genomic DNA 
concentration required for the detection of Acanthamoeba was 
determined using serially diluted Acanthamoeba genomic DNA. 
Acanthamoeba trophozoites harvested from cell culture were 
counted on a hematocytometer and diluted to 1 x 10 6 tropho- 
zoites in 200 pi of PBS. Genomic DNA was extracted using 
QiaAmp mini kits (Qiagen), quantitated, and serially diluted 
to 1 pg to 100 fg/ul with TE buffer. DNA from Aspergillus fu- 
migatus, Fusarium solani, and Candida albicans were extracted 
using recombinant lyticase (Sigma, Deissenhofen, Germany) 
and a QiaAmp mini kit. DNA of Entamoeba histolytica and Giar- 
dia lamblia were kindly provided by Dr. Myeong Heon Shin and 
Dr. Soon-Jung Park, Yonsei University College of Medicine 
(Seoul, Korea). 

LAMP assay 

Acanthamoeba-specific LAMP primers were designed as previ- 
ously described by Notomi et al. [18], and the Primer Explorer 
program (http://primerexplorer.jp/elamp4.0.0/index.html; Ei- 
ken Chemical Co., Japan) was used to amplify the 18S rDNA 
gene (Table 2). The 18S rDNA sequences of Acanthamoeba sp. 
used for primer design were retrieved from GenBank or ob- 
tained by PCR using F3 and B3 primers for the appropriate 
genes (A. castellanii; GenBank no. U07413, A. triangularis Gen- 
Bank no. AF316547, A. rhysodes GenBank no. AY351644, A. 
lugdunensis GenBank no. AF005995, A. polyphaga GenBank no. 
AF019061, A. quina GenBank no. AY703023, A. griffini Gen- 
Bank no. U07412, A. hatchetti GenBank no. AF019068, A. culb- 
ertsoni GenBank no. AF019067, A. healyi GenBank no. AF019070, 
and A. astronyxis GenBank no. AF019064). The Acanthamoeba 



specific LAMP primer set consisted of F3 (forward outer prim- 
er), B3 (backward outer primer), FIP (forward inner primer), 
BIP (backward inner primer), LF (loop forward primer), and 
LB (loop backward primer). LAMP was performed for 90 min 
at 64°C in a 25 pi mixture containing 40 pmol each of FIP and 
BIP, 5 pmol each of F3 and B3, 20 pmol each of LF and LB, 1.4 
mM of deoxynucleoside triphosphates, 0.8 M betaine, and 1 
pi of Bst DNA polymerase (NEB, Beverly, Massachusetts, USA) 
in 2.5 pi of buffer (20 mM Tris-HCl pH 8.8, 10 mM KC1, 10 
mM (NH 4 )2S0 4 , 8 mM MgS0 4 , and 0.1% Tween 20), and 1 pi 
of different concentrations of genomic DNA (100 pg-100 fg) in 
a Loopamp real-time turbidimeter (Realoop-30; Eiken Chemi- 
cal, Tokyo, Japan). After LAMP assay, reactions were inactivated 
for 2 min at 80°C and then evaluated by elecuophoresis using 
agarose gel (2.0%) or visualized by fluorescence detection re- 
agent (FD; Eiken Chemical) under UV light. To determine the 
optimal reaction temperature for the 2 LAMP assays, reaction 
mixtures were incubated for 120 min at 58 to 65°C. The tem- 
perature selected was that allowed reaction to exceed the posi- 
tive reaction threshold turbidity value of 0.1 in the shortest 
time. 

Comparison of LAMP and PCR assays using clinical 
ocular samples 

Clinical samples were suspended in 300 pi of sterile saline 
and divided into 3 parts. Two parts were used for DNA purifi- 
cation, the other was cultured for Acanthamoeba detection. DNAs 
were prepared from clinical ocular samples suspended in 100 
pi of sterile saline, as mentioned above, using 2 different meth- 
ods, that is, either by using a commercially available kit (DNeasy 
tissue kits, Qiagen) or by heat-treating with NaOH solution. 
Prior to DNA extraction, specimens were subjected to 3 freeze- 
thaw cycles using liquid nitrogen and heating (56°C) to dis- 
rupt Acanthamoeba cysts. DNA was exuacted using DNeasy tis- 
sue kits (Qiagen) in accordance with the manufacturer's in- 
structions. One microliter of extracted DNA dissolved in 20 pi 
of doubly distilled water was used as the template for the PCR 
and LAMP assays. On the other hand, heat-treated lysates of 
clinical samples were prepared as previously described with 
minor modification [24]. Briefly, samples were concentrated 
by centtifugation, resuspended in 20 pi of 0.1N NaOH solu- 
tion, heated at 100°C for 3 min to disrupt Acanthamoeba tro- 
phozoites and cysts, and centrifuged at 12,000 x g for 2 min at 
room temperature. One microliter aliquots of the supematants 
collected were used as templates for PCR and LAMP. 
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PCR was performed in triplicate using TaKaRa LA Taq poly- 
merase (Takara Biochemicals, Kyoto, Japan) in a reaction vol- 
ume of 20 pi containing Ampdirect (Shimadzu, Kyoto, Japan) 
and a thermal cycler (Perkin Elmer Cetus, Norwalk, Connecti- 
cut, USA). The PCR conditions used were as follows: an initia- 
tion step of 94°C for 10 min; 35 cycles of 94°C for 30 s, 55°C 
for 90 s, and 72°C for 60 s, and a final extension step at 72°C 
for 10 min. Two primer sets (Nelson and JDP), specific for mul- 
ticopy Acanthamoeba genomic sites encoding rRNA were em- 
ployed per reaction [14,15]. The primer sets had the Nelson 
sequences (forward, 5'-GTiTGAGGCAATAACAGGT-3'; reverse, 
5'-GAATTCCTCGTTGAAGAT-3') and generated a product 229 
bp long, and the JPD sequences (forward, 5 -GGCCCAGATC- 
GTTTACCGTGAA-3 '; reverse, 5 '-TCTCACAAGCTGCTAGGG- 
AGTCA-3 ) and generated a product 423-551 bp long. PCR 
products from each reaction were confirmed by DNA sequenc- 
ing (Macrogen). Amplified products were visualized on 1.5% 
agarose gels, stained with ethidium bromide, and observed us- 
ing a UV transilluminator. For culture, specimens concentrated 
by centrifugation were inoculated onto culture plates contain- 
ing non-nutrient medium overlaid with heat-treated E. coli, 
and then incubated at 25°C for 14 days. Cultures were exam- 
ined daily for growth under an inverted microscope. Culture 
positivity was interpreted as positivity for Acanthamoeba. The 
relative sensitivities of PCR tests were calculated by expressing 
the proportions of positive samples as percentages of the pro- 
portions of corresponding culture positive samples. Calcula- 
tions were made using VassarStats: Website for Statistical Com- 
putations (http://faculty.vassar.edu/lowry/VassarStats.html) . 

RESULTS 

Optimization of Acanthamoeba LAMP assay conditions 

To develop a LAMP assay for detecting Acanthamoeba, we de- 
signed a set of 6 LAMP primers targeting the 18S rDNA gene 
(Fig. 1), which is highly conserved in Acanthamoeba sp. The 
optimal temperature and time for the LAMP reaction were de- 
termined using cloned 18S rDNA (10 6 copies per reaction) un- 
der isothermal conditions at temperatures of 60 to 65°C for 
120 min, by monitoring turbidity. Although amplification tar- 
geting the 18S rDNA gene was detected at all temperatures 
tested, the LAMP assay targeting the 18S rDNA gene reached a 
threshold value (0.1) with shortest incubation times at 64°C 
(data not shown). No non-specific amplification was detected 
in the negative control (plasmid containing no insert) after at 



least 120 min of incubation. Thus, subsequent LAMP reactions 
were conducted at 64°C for 90 min. 

Sensitivity and specificity of LAMP assays 

To determine the sensitivity of the LAMP assay, we used 
plasmid DNA containing the 18S rDNA gene and genomic 
DNA of each Acanthamoeba species. First, the LAMP assay was 
performed using serially diluted plasmid DNA containing the 
18S rDNA gene and analyzed by plotting threshold time ver- 
sus log of the initial template copy number. The detection lim- 
it of copy number for a positive turbidity signal was 10 copies 
of A. castellanii 18S rDNA per reaction (Fig. 2A) (linear regres- 
sion coefficient; 0.9769). In addition, the LAMP reaction was 
carried out using Acanthamoeba genomic DNA extracted from 
in vitro cultured trophozoites. The LAMP procedure amplified 
serially diluted A. castellanii genomic DNA at each dilution 
from the highest DNA concentration examined (100 pg) to as 
little as 1 pg for 18S rDNA (Fig. 2B). In 18S rDNA LAMP as- 
says using serially diluted genomic DNA extracted from in vi- 
tro cultured Acanthamoeba species, the minimal genomic DNA 
concentration for the detection of Acanthamoeba was 1 pg per 
reaction for all 11 Acanthamoeba species tested (data not shown). 
The specificity of the Acanthamoeba LAMP assay was evaluated 
using the genomic DNA of 11 known Acanthamoeba species, 
including species clinically associated with AK (Table 1), 3 ker- 
atitis-related fungal species {Aspergillus fumigatus, Fusarium so- 
lani, and Candida albicans), 2 pathogenic, but keratitis-unrelat- 
ed protozoan parasites [Entamoeba histolytica and Giardia lam- 
blia), and 1 bacteria [Escherichia coli). As shown in Fig. 2C, a 
typical ladder pattern of amplified LAMP products on agarose 
gel electrophoresis was observed for all Acanthamoeba species 
tested by 18S rDNA targeting LAMP assays. However, no am- 
plification was detected in LAMP assays on fungal, AK-unrelat- 
ed protozoan, or bacterial DNAs (Fig. 2C). Amplified products 
of positive reactions were also visually detectable using fluo- 
rescent detection reagent under UV light (Fig. 2D). To deter- 
mine the specificity of the amplification of LAMP assays, am- 
plified LAMP products were digested with Ncol (Fig. 1, arrow- 
head), and this generated the expected 216 bp fragment (Fig. 
2C, lane 19). 

Validation of LAMP and PCR assays using ocular clinical 
samples 

Ocular dinical samples from patients were initially divided 
into 3 for culture and template DNA preparation for LAMP as- 



Yang et al. : LAMP-based diagnosis of amoebic keratitis 273 



F3 



FIP (F2) 



A. castellanii 
A. triangularis 
A. rhysodes 
A. lugdunensis 
A.polyphaga 
A. quina 
A. griffini 
A. hatchetti 
A. culbertsoni 
A. healyi 
A, astronyxis 



A. castellanii 
A. triangularis 
A . rhysodes 
A. lugdunensis 
A.polyphaga 
A. quina 
A. griffini 
A. hatchetti 
A. culbertsoni 
A. healyi 
A. astronyxis 



A. castellanii 
A. triangularis 
A . rhysodes 
A. lugdunensis 
A.polyphaga 
A. quina 
A. griffini 
A. hatchetti 
A. culbertsoni 
A. healyi 
A. astronyxis 



A. castellanii 
A. triangularis 
A. rhysodes 
A. lugdunensis 
A.polyphaga 
A. quina 
A. griffini 
A. hatchetti 
A. culbertsoni 
A. healyi 
A. astronyxis 



Ncol 



| 1 | ttctgccctatcaactt ^c 1 | t- 



GGCGACGATTCATTCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGAGGCCTACC 4 

GGCGACGATTCATTCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGAGGCCTACC 3 

GGCGACGATTCATTCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGAGGCCTACC 4 

GGCGACGATTCATTCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGAGGCCTACC 3 

GGCGACGATTCATTCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGAGGCCTACC 3 

GGCGACGATTCATTCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGAGGCCTACC 4 

GGCGACGATTCATTCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGAGGCCTACC 3 



GGCGACGATTCATTCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGAGGCCTACC 
GGCGACGATTCATTCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGAGGCCTACC 
GGCGACGATTCATTCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGAGGCCTACC 



27 
90 
14 
92 
85 
15 
92 
93 
98 
55 



LF 



FIP(F1c) 



Af~«7 



^GAATTi^ 



i \ i CTGAGAAAT 4 67 

|GGTTCGATTCCGGAGAGGGAGCCTGAGAAAT 4 8 7 

GGTTCGATTCCGGAGAGGGAGCCTGAGAAAT 4 4 9 

GGTTCGATTCCGGAGAGGGAGCCTGAGAAAT 4 73 

GGTTCGATTCCGGAGAGGGAGCCTGAGAAAT 4 51 

GGTTCGATTCCGGAGAGGGAGCCTGAGAAAT 4 4 4 

GGTTCGATTCCGGAGAGGGAGCCTGAGAAAT 4 7 4 

GGTTCGATTCCGGAGAGGGAGCCTGAGAAAT 4 51 

GGTTCGATTCCGGAGAGGGAGCCTGAGAAAT 452 

GGTTCGATTCCGGAGAGGGAGCCTGAGAAAT 457 

GGTTCGATTCCGGAGAGGGAGCCTGAGAAAT 514 

LB ► •« 



ATGGTCGTAACGGGTAACGGAGAATTAGj 
ATGGTCGTAACGGGTAACGGAGAATTAG- 
ATGGTCGTAACGGGTAACGGAGAATTAG- 
ATGGTCGTAACGGGTAACGGAGAATTAG- 
ATGGTCGTAACGGGTAACGGAGAATTAG- 
ATGGTCGTAACGGGTAACGGAGAATTAG- 
ATGGTCGTAACGGGTAACGGAGAATTAG- 
ATGGTCGTAACGGGTAACGGAGAATTAG- 
ATGGTCGTAACGGGTAACGGAGAATTAG- 
ATGGTCGTAACGGGTAACGGAGAATTAG- 

BIP(B1c) » 

GGCTA A ||t t| I t t | 527 

ggctaccacttctaaggaaggcagcaggcgcgcaaattacccaatcccgacacggggagg 54 7 
ggctacBacttctaaggaaggcagcaggcgcgcaaattacccaatcccgacacggggagg 50 9 
ggctaccacttctaaggaaggcagcaggcgcgcaaattacccaatcccgacacggggagg 533 
ggctaccacttctaaggaaggcagcaggcgcgcaaattacccaatcccgacacggggagg 511 
ggctaccacttctaaggaaggcagcaggcgcgcaaattacccaatcccgacacggggagg 50 4 
ggctaccacttctaaggaaggcagcaggcgcgcaaattacccaatcccgacacggggagg 534 
ggctaccacttctaaggaaggcagcaggcgcgcaaattacccaatcccgacacggggagg 511 
ggctaccacttctaaggaaggcagcaggcgcgcaaattacccaatcccgacacggggagg 512 
ggctacca^ttctaaggaaggcagcaggcgcgcaaattacccaatcccgacacggggagg 517 
ggctaccacttctaaggaaggcagcaggcgcgcaaattacccaatcccgacacggggagg 57 4 

-BIP(B1c) -< B3 



3\A- 



TAACAATAC 



I 







- 



570 



tagtgacaataaa-taacaatacaggcgctcgataagagtcttg 5 90 
tagtgacaataaa-taacaatacaggcgctcgataagagtcttg 552 
tagtgacaataaa-taacaatacaggcgctcgataagagtcttg 57 6 
tagtgacaataaa-taacaatacaggcgctcgataagagtcttg 554 
tagtgacaataaa-taacaatacaggcgctcgataagagtcttg 54 7 
tagtgacaataaa-taacaatacaggcgctcgataagagtcttg 57 7 
tagtgacaataaa-taacaatacaggcgctcgataagagtcttg 554 
tagtgacaataaa3taacaatacaggcgctcgaBaagagtcttg 55 6 

TAGTGACAATAAA-TAACAATACAGGCGCTCGaBaAGAGTCTTG 5 60 
TAGTGACAATAAA-TAACAATACAGgB-CTCGaSaAGAGTCTTG 616 



Fig. 1 . Nucleotide sequence alignments of target regions in the Acanthamoeba 1 8S rDNA genes of the 1 1 tested Acanthamoeba spe- 
cies. Primer recognition sites are indicated by arrows and gray boxes with primer names. Black boxes indicate non-conserved nucleo- 
tides. The black arrowhead indicates the A/col cleavage site. F3, forward outer primer; B3, backward outer primer; FIP, forward inner prim- 
er; BIP, backward inner primer; LF, loop forward primer; and LB, loop backward primer. 



says and PCR. In this study, Acanthamoeba-poskivity was de- 
fined as culture-positivity. Fifteen Acanthamoeba-poskive ocular 
clinical samples (11 corneal scrapings and 4 contact lens solu- 



tions) from 11 patients diagnosed with Acanthamoeba infection 
by microscopy after 14-21 days of in vino culture, were tested 
for Acanthamoeba DNA by LAMP and PCR. Because rapid and 
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Fig. 2. Sensitivities and specificities of Acanthamoeba LAMP assays. LAMP assays were performed using serial dilutions of (A) plasmid 
DNA containing Acanthamoeba castellanii 1 8S rDNA (10, 1 0 2 , 1 0 3 , or 1 0 4 copies per reaction) and (B) genomic DNA (1 00, 1 0, or 1 pg). 
Plasmid containing no insert was used as a control. LAMP products were visualized by (C) gel electrophoresis and using (D) the Loo- 
pamp® fluorescent detection reagent (FD). Lanes M1 and M2, 1 -kb and 1 00-bp molecular weight markers, respectively; lane 1 , Acan- 
thamoeba astronyxis; lane 2, Acanthamoeba triangularis; lane 3, Acanthamoeba rhysodes; lane 4, Acanthamoeba castellanii; lane 5, 
Acanthamoeba lugdunensis; lane 6, Acanthamoeba polyphaga; lane 7, Acanthamoeba quina; lane 8, Acanthamoeba griffini; lane 9, 
Acanthamoeba hatchetti; lane 10, Acanthamoeba culbertsoni; lane 11, Acanthamoeba healyi; lane 12, Aspergillus fumigatus; lane 13, 
Fusarium solani; lane 14, Candida albicans; lane 15, Entamoeba histolytica; lane 16, Giardia lamblia; lane 17, Escherichia coll; lane 18, 
distilled water; and lane 1 8, Nco\ digestion of the LAMP product of 1 8S rDNA. 



simple sample preparations are convenient, inexpensive, and 
can reduce false-positive results, the template DNAs were pre- 
pared from 15 ocular samples using 2 different methods, that 
is, using a commercial kit (DNeasy tissue kit) or heat-treated 
specimens in 0.1N NaOH solution. Of these 15 culture posi- 
tive samples, 9 corneal scrapings and 4 contact lens solutions 
were positive by PCR using Nelson primers, with sensitivities 
of 81.8% and 100%, respectively (Table 3). Results for the am- 
plification of Acanthamoeba DNA by PCR using JDP primers 



were positive for 8 corneal scrapings and 4 contact lens solu- 
tions, with sensitivities of 72.7% and 100%, respectively (Table 
3). For the LAMP assay, all positive samples by microscopy in 
culture were positive, that is, the sensitivity of the LAMP assay 
was 100% for corneal scrapings and contact lens solutions (Ta- 
ble 3). However, PCR results using direct heat-treated lysates 
(corneal scrapings and contact lens solutions) showed no am- 
plification of DNA, whereas the LAMP assay using direct heat- 
treated lysates produced the same results as those obtained us- 
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Fig. 3. Detection of Acanthamoeba in heat-treated ocular clinical samples by LAMP and PCR; (A and B) Electrophoresis of PCR (A) and 
LAMP assay products (B) amplified from heat-treated ocular clinical samples from a patient with suspected keratitis. (A) Lanes 1 -2, heat- 
treated lysates of contact lens solutions from left and right lens case chambers, respectively; lane 3, heat treated lysate of corneal scrap- 
ings; lane P, 1 pg of A castellanii genomic DNA (positive control); lane N, negative control (distilled water); lane M, 100-bp ladder DNA 
marker. (B) Lane 1 , heat-treated lysate of contact lens solutions from the right lens case chamber; lane 3, heat-treated lysate of corneal 
scrapings; lane 5, 1 pg of A castellanii genomic DNA (positive control); lanes 2, 4, and 6; A/col digestions of the LAMP products of lanes 
1 , 3, and 5, respectively. (C) Real-time turbidity LAMP assay of the sample in (B). CLS, contact lens solution; CS, corneal scraping; PC, 
positive control; DW, distilled water. (D) Photographs of trophozoites of Acanthamoeba sp. detected by cultures of corneal scrapings and 
a contact lens solution of the same samples mentioned in (B) (original magnification x 400, scale bar = 1 0 urn). 



Table 3. Detection of Acanthamoeba by the conventional PCR and LAMP assay using 2 differently prepared samples 





No. of samples with the following culture detection methods (%) 


Assay 


Commercial kit 


Heat treated/NaOH 




Corneal scrapings (n = 1 1 ) Contact lens solutions (n = 4) 


Corneal scrapings (n = 1 1 ) Contact lens solutions (n = 4) 


18SrDNAPCR 
Nelson primers 
JDP primers 


9 (81.8) 4(100.0) 
8 (72.7) 4(100.0) 


0 0 
0 0 


18SrDNALAMP 


11(100) 4(100.0) 


11(100.0) 4(100.0) 



ing DNA extracted with the commercial kit (Table 3; Fig. 3A, B). 
As shown in Fig. 3C, which contains representative results, real- 
time turbidities showed LAMP product amplification within 30 
min for heat-Ueated corneal scrapings and for contact lens solu- 
tions lysates collected from a patient, in whom Acanthamoeba 



infection was confirmed after 10 days of culture (Fig. 3D). 
DISCUSSION 
AK is a vision-threatening disease that is difficult to diagnose 
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and manage, and the incidence of AK is probably increasing, 
as AK is most commonly associated with contact lens wearing 
[1]. Furthermore, effective treatment requires a rapid, sensitive, 
inexpensive, and easily performed diagnostic method that pro- 
duces readily interpreted results. Microscopic identification 
from direct smears or cultured specimens is a highly specific 
method for detecting Acanthamoeba, but it is time-consuming 
and requires technical expertise to discriminate Acanthamoeba 
cysts and uophozoites. To solve these problems, new molecu- 
lar diagnostic tests have been developed. PCR-based methods 
have been developed to detect Acanthamoeba in corneal scrap- 
ings [14,15], but despite the effectivenesses of these assays for 
Acanthamoeba detection, relatively expensive laboratory equip- 
ment, a trained specialist, and DNA preparation processes are 
required, which limits their usefulnesses. On the other hand, 
LAMP can be performed with minimal laboratory facilities, 
such as a heating block or a water bath. Furthermore, the use 
of a fluorescent dye or the assessment of turbidity by eyes re- 
duces the need for time-consuming post-PCR procedures, such 
as agarose gel electrophoresis. 

Previous studies have shown that PCR has slightly higher 
sensitivity (Nelson primer PCR) or lower sensitivity (JDP prim- 
er PCR) than the culture of corneal scrapings [15,25]. In the 
present study, Nelson primer PCR was more effective at DNA 
amplification than JDP primer PCR which is consistent with 
previous reports [25]. Using culture positivity as the "gold stan- 
dard", the sensitivities of Nelson primer PCR and JDP primer 
PCR were lower than that of IAMP assay, indicating that am- 
plification of Acanthamoeba DNA by LAMP is more sensitive 
for the diagnosis of AK. Furthermore, srtaightforward sample 
preparation reduces the risk of cross-contamination, and thus, 
the risks posed by false-positive results. In the present study, 
LAMP assay based on direcdy heat-treated samples was found 
to be as efficient at detecting Acanthamoeba as DNA exrtacted 
using a commercial kit, whereas PCR was only effective when 
kit-exttacted DNA was used (Table 3). This difference between 
LAMP and PCR results is probably due to the ability of LAMP 
to better tolerate biological contaminants [26,27]. Thus, the 
devised Acanthamoeba LAMP assay could eliminate the need 
for DNA extraction without compromising sensitivity and re- 
duce the time required to reach a diagnosis. Furthermore, the 
simplicity, rapid sample preparation, and straightforward de- 
tection of LAMP suggest its potential applications in regions 
where non-contact lens-related AK is prevalent [16,17]. Alth- 
ough, in the present study the IAMP assay was only applied to 



corneal ocular specimens, the assay could be used to detect 
GAE-causing Acanthamoeba in immunocompromised hosts. 
GAE presents as a subacute but progressive meningoencepha- 
litis that is almost universally fatal [28], and thus, we consider 
it worth investigating whether this assay could be modified to 
enable the diagnoses of amoebic infections using cerebrospi- 
nal fluid or brain tissue samples. Furthermore, Acanthamoeba is 
one of the most common protists in soil and is also found in 
freshwater, cooling towers, and sewage systems [1], and thus, 
the described LAMP assay could be used for the active surveil- 
lance of Acanthamoeba. 

Recently, several studies have described LAMP assays target- 
ing 18S rDNA for the detection of Acanthamoeba in contact lens 
cases [23]. However, the effectivenesses of these tests were not 
evaluated on Acanthamoeba sp. from ATCC reference strains, 
with the exception of A. castellanii. Moreover, the LAMP ampli- 
con shows a typical ladder-pattern of multiple bands, as shown 
in Fig. 3A, but only a single broad band of LAMP-amplified 
products by gel eledrophoresis [23]. Although our LAMP as- 
say also targeted the Acanthamoeba 18S rDNA gene, we design- 
ed our primers based on multiple DNA sequence alignments 
that can detect most Acanthamoeba sp, including all known AK- 
associated species. Furthermore, 2 additional loop primers were 
included to enhance the amplification reaction and to reduce 
reaction times. 

Summarizing, we describe the development and validation 
of a LAMP assay for the detection of Acanthamoeba DNA from 
clinical ocular samples, and suggest that this technique be used 
to supplement traditional culture for the detection of AK, es- 
pecially when diagnostic equipment is minimal. 
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